BACKGROUND/OBJECTIVES: Although diet, physical activity (PA), sedentary behavior and sleep deprivation are factors that have been individually associated with insulin resistance (IR) in childhood, the combined effect of these lifestyle behaviors has not been examined yet. The current study aimed to examine the association of lifestyle patterns with IR, combining all these indices, in children. SUBJECTS/METHODS: Socio-economic, demographic, anthropometric (body weight, height and waist circumference), biochemical (plasma glucose and serum insulin), clinical (pubertal stage) and lifestyle (dietary intake, PA level and sleeping habits) data were collected from a representative sample of 2026 children (50.1% girls) aged 9-13 years in Greece. Homeostasis model assessment (HOMA-IR) was calculated, and principal component analysis was used to identify lifestyle patterns, combining all these lifestyle indices. RESULTS: In multivariable regression analyses, the lifestyle pattern characterized by more screen time, shorter sleep duration and higher consumption of sugared beverages was positively associated with HOMA-IR (b ¼ 0.043; P ¼ 0.040), whereas the pattern characterized by more time spent on moderate-to-vigorous PA (MVPA) and more frequent eating occasions was inversely associated with HOMA-IR (b ¼ À 0.061; P ¼ 0.003). In logistic regression analyses, children with 72.2 min/day of MVPA and 5.05 eating occasions/day and children with 141.8 min/day of MVPA and 5.22 eating occasions/day were less likely of being insulin resistant based on HOMA-IR, compared with children with 20.0 min/day of MVPA and 4.09 eating occasions/day. CONCLUSIONS: A lifestyle pattern of 472 min of MVPA and 5 eating occasions/day was associated with reduced likelihood of IR in children.
INTRODUCTION
Insulin resistance (IR) has been proposed as the pathophysiological pathway that links obesity and cardiometabolic disease. 1 IR may have its origins already in childhood, a critical period of life, as the presence of cardiometabolic risk at this age may track into adulthood. 2 Following the global trend of childhood obesity, the prevalence of IR is high in pediatric populations, [3] [4] [5] [6] highlighting the need for appropriate early preventive intervention strategies in children.
Lifestyle behaviors such as dietary, physical activity (PA) and sleeping habits are individually linked to IR. Alexander et al. 7 showed that breakfast skipping was associated with IR in overweight children and adolescents. Moreover, short sleep duration was positively associated with IR in obese children. 8 Similarly, sedentary behavior was positively associated with IR in adults, 9 whereas PA was inversely related to IR in children. 10 The main body of existing evidence examines the independent associations of dietary factors, PA, sedentary behavior or sleeping habits with IR. However, focusing on dietary or lifestyle factors may be more meaningful than centering on single nutrients or isolated lifestyle factors. For example, Esmaillzadeh et al. 11 examined the association between different dietary patterns and IR, and observed that subjects who followed a dietary pattern characterized by high consumption of fruits; tomatoes; poultry; legumes; cruciferous, green leafy or other vegetables; tea; fruit juices; and whole grains were less likely to be insulin resistant. Moreover, single nutrients and isolated lifestyle factors only account for the variability of a clinical outcome, whereas statistical methods such as the principal component analysis (PCA) can be a useful approach to develop dietary or lifestyle patterns that combine different lifestyle behaviors. Such dietary or lifestyle patterns may have a more practical use for public health, as they could be more easily translated into comprehensive public health advice or recommendations. To the authors' knowledge no previous study has ever examined the association between various lifestyle patterns and IR in children.
In this context, the aim of this study was to identify the association of lifestyle patterns developed by combining certain dietary factors, PA, sedentary behavior and sleeping habits, with IR in children, using the PCA.
Greek Ministry of National Education and the Ethical Committees of the National and Kapodistrian University of Athens and the Harokopio University of Athens, and was conducted in accordance with the ethical standards of the 1964 Declaration of Helsinki. The study sample comprised children 9-13 years old, attending the fifth and sixth grade of primary schools located in municipalities within the prefectures of Attica, Aitoloakarnania, Thessaloniki and Iraklio, in Greece. The sampling of schools was random, multistage and stratified by parental education level and total population of pupils attending schools within these municipalities. Seventy-seven primary schools were invited and agreed to participate in the study. Signed parental informed consent forms were collected from 2656 out of 4145 children (response rate 64.1%) before the children and their parents were enrolled in the study.
Dietary intake
Dietary intake data for two consecutive weekdays and one weekend day were obtained by dietitians/nutritionists, rigorously trained to minimize the interviewer's effect, via morning 24-h recalls conducted with children at school site. Children were asked to describe the type and amount of foods and beverages consumed during the previous day, provided that it was a usual day according to their perception. To improve the accuracy of food description, standard household measures (cups, tablespoons, etc) and food models were used to define amounts. At the end of each interview, the researchers reviewed the collected data with the responder in order to clarify entries, servings and possible forgotten foods. Food intake was analyzed using the Nutritionist V diet analysis software (First Databank, San Bruno, CA, USA), which was extensively amended to include traditional Greek recipes. 13 The database was updated with nutritional information of processed foods provided by independent research institutes, food companies and fast-food chains.
The food-grouping scheme was designed for all foods or entries (core and recipe) appearing in Nutritionist V. In total, 47 food groups were initially established based on similar source characteristics and nutrient content. Composite food items, such as recipes, were decomposed and were assigned to food groups according to primary ingredients. A similar methodology for the extraction of food groups has been previously reported in studies with smaller sample size, including only one 24-h recall.
14 In total, 18 large-food categories (whole-grain bread and cereals, refined bread and cereals, dairy products, vegetables, fruits, red meat, processed meat, eggs, potatoes, legumes, fish, other seafood, white meat, fat oils, fresh fruit juices, sugared beverages, namely regular soft beverages and sugared fruit juices, salty snacks and sweets) were created and the relevant values were calculated as consumption in grams/day.
Breakfast and meal frequency patterns
Even though there is no widely acceptable definition for 'ideal' breakfast, this should contain combinations of the following food groups: milk and other dairy products; cereals (preferably whole-grain); and fruits (preferably fresh fruits or freshly squeezed fruit juices; without added sugar). 15 Using data from the three 24-h recalls and based on the aforementioned definition of 'ideal' breakfast, a categorical variable was developed to assess the adequacy of children's breakfast consumption. More specifically, the following categories were created: 0 ¼ salty, sweet or other savory snacks, 1 ¼ zero portions of dairy products, cereals and fruits, 2 ¼ one portion of dairy products or cereals or fruits, 3 ¼ one portion of dairy products and one portion of cereals or fruits, 4 ¼ one or more portions of dairy products and cereals and fruits. Based on data from 24-h dietary recalls, meal frequency (that is, number of meals/day) was assessed by summing the number of meals in which any portion of food was consumed.
PA and sedentary behavior PA during leisure time was assessed using a standardized activity interview based on a questionnaire completed by the children in the presence of a researcher. Responders reported the time devoted to various activities (PA, sedentary behavior) over two weekdays and one weekend day, most preferably Sunday. One researcher grouped the reported activities into moderate-to-vigorous PA (MVPA) (intensity 44 metabolic equivalents), including activities such as brisk walking, bicycling, gymnastics, dancing, basketball, soccer, athletics, tennis, swimming, jumping rope and general participation in active outdoor games. Given the age group, MVPA was defined as continuous physical activities causing sweating and heavy breathing for periods longer than 15 min, but with occasional breaks in intensity, rather than the strict aerobic definition of 20 continuous minutes appropriate for adults. The average weekday and weekend time (hours/day) spent on sedentary activities and more specifically on TV/DVD/video watching, video games and recreational computer usage was characterized as screen time.
Anthropometric, biochemical and clinical measurements
The detailed protocols for anthropometric measurements and blood sampling are described elsewhere. 12, 16 Anthropometric measurements were taken twice by two trained researchers. Weight was measured after removing heavy clothing to the nearest 10 g with a Seca digital scale (Seca Alpha, Model 770, Hamburg, Germany), height to the nearest 0.1 cm with a commercial stadiometer (Leicester Height Measure, Invicta Plastics Ltd., Oadby, Leicestershire, UK) and waist circumference (WC) to the nearest 0.1 cm with a non-elastic tape (Hoechstmass, Germany). Pupils were asked to stand still, barefoot, keeping shoulders in relaxed position and arms hanging freely, in Frankfort plane. WC was measured to the level of the umbilicus at the end of a gentle expiration. BMI was calculated using Quetelet's equation (weight (kg)/height 2 (m 2 )). Age-and gender-specific WC percentiles were used to classify central obesity (X90th percentile). 17 All blood samples were collected between 0830 and 1030 hours after a 12-h overnight fast. Reminders were distributed the previous day to both parents and children in order to ensure compliance with fasting. Professional staff performed venipuncture, using two types of test tubes, one of which contained EDTA, to obtain a maximum of 10 ml blood. The EDTA blood was transferred on the same day of collection to a local laboratory. The remaining blood was collected in plain test tubes for the preparation of serum, which was divided into aliquots and stored at À 80 1C. When blood collection was completed in Aitoloakarnania, Thessaloniki and Iraklio, all serum samples were transported in dry ice to the Laboratory of Nutrition and Clinical Dietetics at Harokopio University, where biochemical analyses and central storage of back-up samples at À 80 1C took place. Fasting glucose (G F ) was determined using a commercially available enzymatic colorimetric assay (Roche Diagnostics SA, Vasilia, Switzerland). Fasting insulin (I F ) was determined using a chemiluminescence immunoassay (Kyowa Medex Ltd, Minami-Ishiki, Japan) for Siemens Diagnostics USA. IR was assessed through homeostasis model assessment (HOMA):
18 HOMA-IR ¼ (I F (mU/ml) Â G F (mmol/l))/22.5. As there is no widely acceptable definition for IR in children, we used several different thresholds for HOMA (HOMA43.16; HOMA43.99; HOMA45.56, defined by the 97.5th percentile based on normal-weight children of our study).
Children's pubertal stage was assessed by female pediatricians. Children were classified according to the five Tanner stages. 19 Socio-economic and perinatal data, parental BMI and children's sleeping habits Data on socio-economic background were collected from the parents (most preferably from the mother) during scheduled face-to-face interviews at school. For those parents who were unable to attend the meetings (approximately 5% of the total sample), data were collected via telephone interviews. All interviews were conducted by researchers who were rigorously trained to minimize the interviewer's effect, using a standardized questionnaire. Socio-economic data included parental educational level (years of education); home square meters (m 2 ); number of family members living at home; number of cars owned by the family; and home property.
These data were grouped, scored and combined to develop the SocioEconomic Status index (SES) index as follows: scores 0, 1, 2 and 3 were assigned to o9, 9-12, 12-16 and 416 years of maternal and paternal education, respectively; scores 0, 1, 2 and 3 were assigned to o20, 20-25, 25-30 and 430 home m 2 per family member, respectively; scores 0, 1, 2 and 3 were assigned to 0, 1, 2 and X3 cars owned by the family, respectively; scores 0 and 1 were assigned to rented or owned home, respectively. The total SES-index score was calculated by summing all index component scores (range of SES-index score: 0-13). Higher values indicated higher family SES.
Date of birth (for the estimation of children's exact age) and birth weight were recorded from children's birth certificates and medical records. Parents self-reported their weight and height, and reported the time that their child usually goes to bed at night and the time it usually wakes up in the morning, separately for weekdays and weekend days. Children's sleep duration in the night was calculated accordingly.
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Statistical analyses
Lifestyle component derivation. PCA was used to identify lifestyle patterns. The Kaiser-Meyer-Olkin (KMO) criterion was applied and it was equal to 0.6. The orthogonal rotation (varimax option) was used to derive optimal non-correlated components (lifestyle patterns). To decide the number of components to retain, Kaiser criterion (eigen values 41) was used. Factor loadings represent the correlations of each habit with the lifestyle pattern score. Higher absolute values of factor loadings indicate that the habit predictor contributes most to the construction of this particular component. The lifestyle components (patterns) were named according to the factor loadings of those behaviors that correlated most with the component (factor loadings4|0.4|). When a behavior had a factor loading value 4|0.4| in more than one component, then this behavior was used to name the component for which it had the higher factor loading value.
Descriptive
, WC, mean parental BMI, SES-index score and birth weight. The results of regression models are presented as standardized beta coefficients. The level of significance was set at Po0.05. Participants' lifestyle pattern scores were categorized into quartiles so that for each lifestyle component the fourth quartile consisted of subjects whose dietary and PA behaviors were adherent most to that particular pattern. On the basis of the statistically significant relationships provided by regression models, logistic regression analysis was performed to evaluate the association between the quartiles of each lifestyle component and the probability of being insulin resistant. The results of logistic regression models were presented as odds ratios (OR) and 95% confidence intervals (CI). Data were analyzed using Statistical Package for Social Sciences software (version 13, SPSS Institute, Chicago, IL, USA).
RESULTS
Full socio-economic, demographic, maternal, family status, perinatal, clinical and biochemical data were available for 2026 children (49.9% boys). This reduction of sample size is attributed to the inclusion criteria, which comprised data on sleeping habits and components of the SES-index (that is, number of cars, home m 2 and home property), which were not available for the entire sample. Table 1 illustrates that the prevalence of overweight and obesity was 30.3% and 11.3%, respectively, based on the International Obesity Task Force criteria. 20 The prevalence of obesity was significantly higher in boys than in girls (13.5% vs 9.1%, Po0.05). Furthermore, Table 1 shows the prevalence of IR stratified by gender and by weight status using various definitions of IR. The overall prevalence was 6% (defined as HOMA-IR45.56). Regardless of the cutoff point used for IR, the prevalence of IR was higher in girls compared with boys and in overweight and obese children compared with their normal-weight peers. a,b,c P-valueo0.05 for the differences between weight groups sharing the same superscript letter based on two-sample z-test for proportions. Table 2 summarizes the factor loadings of the factors retained from the PCA. The value of the Kaiser-Meyer-Olkin (KMO) criterion indicates that the lifestyle variables entered in the analysis were strongly inter-correlated and that PCA could be correctly used for assessing 'healthy' or 'unhealthy' patterns. The PCA analysis indicated five lifestyle components explaining 52.7% of the total variance with regard to the examined variables. These components were characterized as follows: higher dairy consumption and more adequate breakfast (component 1); higher consumption of high-fiber foods (component 2); more screen time, shorter sleep duration and higher consumption of sugared beverages (component 3); more time spent on MVPA and more frequent meals (component 4); higher red meat and lower fish consumption (component 5). Table 3 The logistic regression analysis (Table 4) showed that children whose lifestyle conformed most closely to patterns of the lifestyle component 4 (that is, 3rd and 4th quartiles) were 0.601 (95% CI 0.448-0.808) and 0.608 (95% CI 0.451-0.818) less likely of being insulin resistant based on HOMA-IR (cutoff point: 3.16), and 0.662 (95% CI 0.464-0.943) and 0.610 (95% CI 0.424-0.877) less likely based on HOMA-IR (cutoff point: 3.99) compared with children whose lifestyle was different from this pattern (1st quartile), after controlling for several potential confounders.
DISCUSSION
The aim of this study was to identify the association of lifestyle patterns developed by combining certain dietary factors, PA, sedentary behavior and sleeping habits with IR in a representative Children's lifestyle: correlate of insulin resistance O Androutsos et al sample of 9-13-year-old children in Greece. Identifying the association between single food patterns and lifestyle factors was beyond the scope of the present study, although it comprises an important parameter for future investigation. According to our findings, high prevalence of overweight, obesity (based on BMI) and central obesity (based on WC) was observed, which is in line with previous studies. 3 The prevalence of IR was considerably higher than that reported in previous studies conducted in Greece. 4 Based on the PCA conducted in this study, five lifestyle patterns were identified and certain associations were observed between these patterns and IR in children. Previous studies highlighted the potential protective role of healthy balanced dietary patterns against IR. A dietary pattern characterized by high intake of fruits, vegetables, whole grains and low intake of fat dairy products may exert a protective role against the development of IR in adults. 21 However, to the authors' knowledge, no previous study has examined the association of various lifestyle patterns with IR in children, thus making the comparison of our findings difficult.
We showed that the pattern characterized by higher consumption of sugared beverages, more screen time and shorter sleep duration (component 3) was positively associated with HOMA-IR, after controlling for various confounders. Regarding sugared beverages, high consumption of sugar-sweetened beverages has been previously associated with IR in adolescents. 22 High consumption of sugar-sweetened beverages was identified as one of the most important energy-balance-related behaviors implicated in the etiology of childhood obesity and in its metabolic complications, such as IR. 23 In this context, sugars or corn-syrup, usually added as sweeteners in these beverages, was associated with elevated insulin levels. 24 Caramel coloring contained in such beverages was also associated with IR in young and middle-aged women. 25 Regarding the other component of this pattern, short sleep duration was previously associated with IR in obese children. 8 The increased levels of inflammatory markers and BMI, and the decreased levels of grehlin, which are observed in individuals with short sleep duration and in obese individuals with sleep-disordered breathing, may be the linking path between sleep and IR. [26] [27] [28] Similarly, screen time, commonly used as a surrogate of sedentary behavior, was inversely associated with insulin sensitivity in children 29 and positively associated with IR in adults. 9 The current study also showed that the pattern characterized by more time spent on MVPA and more frequent eating occasions (component 4) was inversely associated with HOMA-IR, after adjusting for various confounders. In previous studies, meal frequency was associated with IR. Some potential explanations may include the direct inverse effect of splitting the meals during the day on insulin secretion and free fatty-acid release by the adipose tissue and the indirect effect of splitting the meals during daytime on childhood obesity. 30 Toschke et al. 31 showed that increased meal frequency was associated with lower prevalence of obesity in children. In contrast, PA was previously found to be inversely associated with IR in children. 10 PA increases insulin sensitivity, 32 perhaps by improving skeletal muscle sensitivity to insulin.
According to the logistic regression model used in this study, children whose lifestyle conformed most closely to patterns of the lifestyle component 4 were less likely to be insulin resistant based on two definitions of IR (that is, HOMA-IR43.16 and HOMA43.99), after controlling for various confounders. Children in the third and the fourth quartile of eating frequency and time spent on MVPA were less likely to be insulin resistant than their peers in the first quartile. As the time of MVPA and eating occasions of children in the third quartile of this pattern were 72.2 min/day and 5.05 eating occasions/day, respectively, it could be inferred that a lifestyle pattern of more than approximately 72 min of MVPA and 5 eating occasions/day is associated with reduced likelihood of IR in children.
The findings of this study should be interpreted under the light of its limitations. Specifically, the cross-sectional design of the study does not allow the establishment of causality between lifestyle patterns and IR. Moreover, due to the large study sample, dietary factors, PA and sedentary behavior were assessed through self-reported questionnaires instead of gold standard techniques (for example, dietary records and accelerometers). IR has been assessed in this study via one surrogate marker (that is, HOMA-IR) instead of more physiologically superior methods (that is, hyperinsulinemic euglycemic clamp for assessing insulin sensitivity). Therefore, the clinical significance of the lifestyle components identified in the current study needs to be verified by future clinical trials. The practical use of the lifestyle patterns, which were derived by the combination of dietary intake with other lifestyle factors such as the level of PA and sleep duration, should also be interpreted cautiously, as no previous studies are currently available to support the findings of this study. Moreover, a higher number of dietary factors compared with non-dietary factors was considered in the development of lifestyle patterns in this study. However, MVPA includes a wide range of specific PA-related behaviors, such as sports participation, active commuting and leisure time activity, and has been consistently reported to be significantly and inversely associated with IR in children, and thus may counterbalance this mismatch between the number of dietary and non-dietary factors. In contrast, the relatively large and national representative sample examined is the strength of this study. The inclusion of demographic, socioeconomic, anthropometric and clinical confounders previously associated with IR should be noted.
In conclusion, the current study showed that children whose lifestyle conformed more closely to a pattern characterized by more than 72 min/day of MVPA and 5 eating occasions/day were less likely to be insulin resistant, using various definitions for IR. Future clinical trials should further elucidate the potential utility of the findings of the present study in order to develop practical public health advice that could help tackle the high prevalence of IR in children.
